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DecaycurvesofO2-centersinKCl,measureｄ(a)７７Ｋ,(b)２９６Ｋ(ＲＴ),(c)350Ｋａｎｄ(｡)400Ｋ.Curve
(e)istheexcitationpulsewavefolm・Ｅｘｃｉｔｅｄａｔ２５０ｎｍ；Ｄｅｔｅｃｔｅｄａｔ５４０ｎｍ．
Fig.２
TosioKuRoBORI：Time-ResolvedPhotoluminescencefromO2-CentersinKC1-KBr ４３
Curve(e)showstheexcitationwaveform・Ascanbeseeninthisfigure,thedecaytimeTisT＝
85ｎｓａｔ７７Ｋ，Whenraisingthetemperature,了decreasesslowlyabout50nsat296K(ＲＴ)ａｎｄ
ｄｒｏｐｓｍｏｒｅｓｔｅｅｐｌｙｔｏ８ｎｓａｔ４００Ｋ・Itwasfoudthatbelow250Kthedecaycurvesarealways
purelysingleexponentialovernearｌｙ４ｏｒｄｅｒｓｏｆｍａｇｎｉｔｕｄｅｉｎｔｉｍｅａｎｄｄonotdependofthe
wavelengthofobservasion,thoughnotshownhere,paralleltothisdecreaseofT,theintensity
ofthefluorescencedecaystoo
Figure3showstypicalexamplesofthemeasuredtemperaturedependenceofthelifetime
versusreciprocaltemperaturel/ＴｆｏｒＫＣｌ：02-(○),ＫＣ10.8Ｂｒ0.2：02-(△),ＫＣ10.4Ｂｒ0.6：０２－(□）
ａｎｄＫＢｒ：02-(●)．Thebehaviorathightemperatureabove300Kisshownenlargedinthe
insetinfig3・Itshouldbenotedthatthecurvesshowthereciprocallifetimel/Tdependence
versusreciprocaltemperaturel/Tforthevariouscompositions、Attemperaturesbelow250
Ktheradiativeprocesspredominates,ｗｈｉｌｅａｔｈightemperaturesanon-radiativede-excitation
processcontrolstheexcitedstatelifetime．
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Fig.３ F1uorescencelifetimeγinlogplotsvsl/TforKCl：０２－(○),ＫＣ10.8Ｂｒ0.2：０２－(△),ＫＣ10.4Ｂｒ0.6：02-(□)ａｎｄＫＢｒ：０２－(●)Thebehaviorathightemperatureabove300Kisshownenlargedintheinset．
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Fromtheradiativedecaytime,耐,wecandeterminetheoscillatorstrengthofthefluores‐
cence,/huo,fromthewell-knownformula
☆(論)("M二Ｍ]， ） (1)/flu｡＝
wherecisthespeedoflight川theclassicalelectronradius（妬＝2.82ｆｍ),ltheoscillating
wavelengthand〃theindexofrefractionofthehost・ＦｏｒＴＲ＝84.4ｎｓａｔ７７Ｋ,几＝540nmat
thecenteroftheemissionand〃＝1.494ａｔ５４０ｎｍ,Ｅｑ(1)yields万!u･＝0.O302forKCl：02-．
Thetemperaturedependenceofthetransitionprobabilityl/Ｔｉｓｇｉｖｅｎｂｙ
器）Ｄ△ｘｅ〃＋玩１１一丁 （ (2)
whereTisthetotallifetime，TRradiativelifetime,ｚノfrequencyfactor，AoBtheBoltzmann
constantand△Eactivationenergyforthenon-radiativeprocess・Allactivationenergies△E
andfrequencyfactors〃canbeobtainedfromthecurvefittinganalysis・Ｔｈｅｓｌｏｐｅｓｏｆｔｈｅ
ｃｕｒｖｅｓａｔｈｉｇｈｔｅｍｐeraturｅｓａｓｓｈｏｗｎｉｎｔｈｅｉｎｓｅｔｉｎｆｉｇ３ｃｏｒｒｅspondtotheactivationenergy・
AllactivationenergieS△Ｅ,thetemperaturenabovewhichthermalrelaxationdominates
(hforhalfoflowtemperature,で(、ノーzh/2)jthefrequencyfactorI',theoscillatorstrengthof
thefluorescence伽ｕｏ,aresummarizedintable2．ThevaluesTRand,′increasegoingfromKCl
:Ｏ２－ｔｏＫＢｒ：O2-astheconcentrationofBr-ionsincreases・Whilethevalueﾉﾄﾞ,uoat77K
decreasecontinuouslyastheconcentrationofBr-ionsincreasesThereforewecansaythat
thelattice-centerinteractionishigheｒｉｎＫＢｒ：Ｏ２－ｔｈａｎｉｎＫＣｌ：O2-crystals・Ａllactivation
energies△Ｅａｒｅｔｈｅｓａｍｅｆｏｒａｌｌｃｒｙｓｔａｌｓ・Ｉｎｔｈｅｂｏｔｔｏｍｈａｌｆｏｆｔａｂｌｅ２,thevaluesobtained
herearecomparedtothoseobtainedbyHongoc/αＬ［10］andHessmannandFischer［15]・
Figure4showsthetime-resolvedspectrameasuredat5nsintervalsafterirradiationofthe
excitingpulsesforKC1：O2-crystalsat290K(ＲＴ)．Itcanbeseenfromthisfigurethatthe
maximumintensityofthefluorescencewasabout25nsafterirradiationoftheexcitingpulses．
Resu1tsofdataanalysisobtainedbythepresentauthors.（zR
radiativelifetime,TMemperatureforで(、)＝Th/２，pfrequency
factor,△Eactivationenergyfortheradiationlessprocessand
ﾊﾟ,uotheoscillatorstrengthofthefluorescence)．
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Fig.５Three-dimensionalfluorescencespectraforKCl：Ｏ２－ａｔＲＴ，
Thethree-dimensionalgraphsoftime-andwavelength-dependentfluorescentintensitieswere
obtainedbyreconstructingtheanalysisdataoftime-resolveddecaysoffluorescenceintensity
atvariablewavelengths,ａｓｓｈｏｗｎｉｎｆｉｇ５、
ＩｎｓｕｍｍａｒｙｗｅｈａｖｅｒｅｐｏｒｔｅｄｔｈｅｏｐｔｉcalpropertiesoftheO2-centersinKC1-KBrmixed
crystal・SuchaKCl1-xBrxsystemisacompletesolidsolutionthroughoutalargecomposition
range,ｓｏｔｈａｔｗｅｃａｎｃｌｅａｒｌｙｏｂｓｅｒｖｅｔｈｅｂｅhavioroftheO2-ionthroughoutthedifferenthost
crystals・Moreoverthebasicopticalparameterssuchastheactivationenergy△Ｅ，ｔｈｅ
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frequencyfactorpandtheoscillatorstrengthoffluorescence炎Iuocanbeestimatedsystemat‐
ically・Suchmixedcrystalsseemtobeconvenientsystemstoinvestigateotherimpurity
behavioroftheground-andexcitedstatessuchasCu＋ａｎｄＡｇ＋ionswhichoccupyeitheran
on-centeroranoff-centerpositioninvariousalkalihalides［16]．
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